thyroid hormones (Hemon et al., 1976) , thyroid-stimulating hormone (Doniach, 1975) and melatonin (Heldmaier & Hoffmann, 1974) have all been implicated. The acute response to cold stress is better understood, being caused by the release of noradrenaline from the tissue's sympathetic innervation (Himms-Hagen, 1976) , and can be mimicked in vivo by infusion of noradrenaline (Himms-Hagen, 1976) , or at the level of the tissue fragment (Knight & Myant, 1970) or isolated cell (Bieber et a!., 1975) by addition of the catecholamine. Himms-Hagen (1965) has emphasized the necessity of controlling the developmental, cold-adapative and acute states of the experimental animal for valid biochemical comparisons.
In the electron microscope, brown adipocytes are seen to be packed with multilocular triacylglycerol droplets and many highly invaginated mitochondria (Barnard et al., 1970) . On exposure to 4"C, a starved hamster can deplete more than 50% of its brownadipose-tissue triacylglycerol stores within 2 h (Lindberg et al., 1976) . This remarkable capacity for lipolysis is matched by the respiratory capacity (Lindberg et al., 1976) , the mitochondria being uniquely modified to over-ride conventional respiratory-control mechanisms (Nicholls, 1976~) . A simplistic scheme for the sequence of events subsequent to the binding of noradrenaline to the brown adipocyte is presented in Fig. 1 ; evidence for each stage will now be examined.
Noradrenaline receptor and adenylate cyclase
The brown-adipocyte receptor has not yet been specifically identified; binding in vitro appears to involve catechol 0-methyltransferase (Girardier et al., 1976) . The specificities of the lipolytic and respiratory responses of isolated brown adipocytes reveal a classical B-receptor (Pettersson & Vallin, 1976) . Electrophysiological studies have demonstrated a depolarization of the plasma membrane after catecholamine binding, although there is uncertainty as to the relation of this to the lipolytic and respiratory responses (Williams & Matthews, 1974; Girardier et al., 1976) . Plasma-membrane depolarization itself is insufficient to evoke either response (Williams & Matthews, 1974) .
Noradrenaline increases cyclic AMP concentration in both tissue fragments (Knight, 1974) and in isolated brown adipocytes in the presence (Hittelman et al., 1974) and absence (Pettersson & Vallin, 1976 ) of phosphodiesterase inhibitors. The relation between cyclic AMP concentration and lipolysis is not, however, straightforward, as in isolated brown adipocytes, cyclic AMP concentrations return to basal values lOmin after hormone addition, whereas lipolysis remains elevated for at least 40min (Pettersson & Vallin, 1976) . Additionally it is possible to stimulate lipolysis maximally in tissue fragments by hormoneconcentrations that only marginally increasecyclic AMP (Knight, 1974) .
VOl. 5
Cyclic A MP-dependent protein kinuses Multiple cyclic AMP-dependent protein kinase activities have been identified and partially purified from the brown adipose tissue of newborn rabbits and developing rats (Knight & Fordham, 1975; Knight & Skala, 1975; Knight, 1976) , which can phosphorylate specific endogenous proteins. Preincubation of brown adipose tissue with noradrenaline results in a preparation of protein kinase which has an enhanced binding affinity for cyclic AMP, apparently caused by an increased autophosphorylation (Knight, 1975) . The extent of activation in situ of protein kinase in rat brown-adipose-tissue fragments has been shown to correlate with the concentration of cylic AMP when this was varied by addition of noradrenaline and theophylline (Skala & Knight, 1977) . In uiuo, activation of protein kinase was observed on intraperitoneal injection of noradrenaline, and significantly at birth and on acute cold-exposure. Lipase activity correlated well in tissue fragments with protein kinase activity (Skala & Knight, 1977) .
Lipolysis and triacylglyceroI synthesis
Lipolysis in brown-adipose-tissue fragments or isolated cells has been monitored by measuring release of glycerol or fatty acids. Glycerol measurements may in some instances underestimate lipolysis, as the tissue of adult rats (but not newborn rabbits) has a substantial glycerokinase activity (Knight & Myant, 1970) . Additionally hamster brown adipose tissue can form I-monoacylglycerol (Schultz & Johnston, 1971 ) which can be exported (Linck et al., 1975) or esterified. Nevertheless, addition of noradrenaline to tissue fragments can result in an 8-fold stimulation of glycerol release (Knight, 1974) . Similarly, release of fatty acids from cells is greatly stimulated by noradrenaline (Bieber et al., 1975) , although re-esterification and mitochondrial fatty acid oxidation may mask the full extent of the increase. Unexpectedly, and in contrast with white adipose tissue, remarkably high concentrations of fatty acids have been reported in isolated cells before noradrenaline addition, addition of the hormone resulting in export of fatty acids with little or no change in cellular content (Bieber et af., 1975) .
The extent of triacylglycerol synthesis from glycerol 3-phosphate and fatty acid depends highly on the acute and adaptive state of the animal (Himms-Hagen, 1965) . The incorporation of labelled glucose into the glycerol moiety of triacylglycerol is greatly enhanced by cold-acclimatization of rats (Himms-Hagen, 1965) , or by coldstressing newborn rabbits (Knight & Myant, 1970) . Little label from glucose is recovered in the fatty acid moiety of the triacylglycerol, suggesting limited synthesis of fatty acids de nouo (Himms-Hagen, 1965; Knight & Myant, 1970) . In contrast, labelled fatty acid is readily esterified into triacylglycerol (Lindberg et al., 1976) . The dissipative cycling resulting from the parallel enhancement of lipolysis and re-esterification on noradrenaline addition is far from sufficient to account for observed rates of energy dissipation during thermogenesis (Lindberg et al., 1967; Knight & Myant, 1970) .
Fatty acid oxidation and energy dissipation
Isolated mitochondria from the brown adipose tissue of cold-acclimatized rats, hamsters or guinea pigs exhibit very high rates of uncontrolled respiration with palmitoyl-~-carnitine plus malate (Bernson & Nicholls, 1974) , which correlate well with the maximal rates of noradrenaline-stimulated respiration observed with isolated cells (Lindberg et al., 1976) . Palmitoyl-~-carnitine oxidation by the rat or guinea-pig mitochondria is dependent on the operation of the citric acid cycle (Bernson & Nicholls, 1974) , whereas mitochondria from the hamster (a hibernator) possess an active acetylCoA hydrolase, which, it is believed, enables fatty acid oxidation and hence thermogenesis to occur at the low body temperatures of the hibernating animal, when the citric acid cycle cannot function (Bernson & Nicholls, 1974; Bernson, 1977) .
The rate of heat production by brown adipose tissue is proportional to the rate of the most exothermic step, mitochondria1 fatty acid oxidation. In conventional mitochondria, respiration is controlled by the cytoplasmic demand for ATP. This is because the mitochondria possess a low effective proton conductance of the inner membrane, so that the proton circuit driven by the respiratory chain (Fig. 1) can only be completed by proton entry via the adenosine triphosphatase, with obligatory ATP production. In brown-adipose-tissue mitochondria, this classical respiratory control can be specifically overcome by a unique controllable pathway of proton conductance across the inner membrane, the effect of which is to short-circuit the proton circuit and allow respiration to proceed in the absence of stoicheiometric ATP synthesis (Nicholls, 1974 , 1 9 7 6~) .
In isolated mitochondria this pathway is not dependent on fatty acid concentration, and may be specifically inhibited by IOp~-purine nucleoside di-or tri-phosphates (Nicholls, 1974) , which act by binding to a receptor on the outer face of the mitochondrial inner membrane (Nicholls, 19766) . A physiologically significant short-circuit must not only be switched on by the induction of thermogenesis, but must switch off at its termination to prevent the mitochondrial proton electrochemical gradient from collapsing when respiration decreases to resting values. This requires a messenger, the nature of which is not yet known.
Purine nucleotide concentrations do not change sufficiently on noradrenaline addition to be able to modulate the conductance of the mitochondrial proton-conducting pathway directly (Pettersson & Vallin, 1976) . Fatty acids themselves have been proposed (Lindberg et al., 1976) as the physiological modulators of the proton conductance. However, although this mechanism has the attraction of being self-regulating, and is consistent with a high sensitivity of brown-adipose-tissue mitochondria to fatty acid uncoupling (Heaton & Nicholls, 1976) , it fails to account for the specific nucleotide-sensitive pathway, and is inconsistent with the high fatty acid concentration observed in cells in the absence of noradrenaline (Bieber et ul., 1975) , with the failure of cellular fatty acid concentration to increase with noradrenaline (Bieber et al., 1975) , with the failure of all except extremely high concentrations of added fatty acids to stimulate cell respiration (Prusiner e t al., 1968) and with the ability of B-receptor antagonists to inhibit cellular respiration almost instantaneously, without depleting cellular fatty acids (Pettersson & Vallin, 1976) . Clearly more elucidation of the relation between the messages for lipolysis and for enhanced mitochondrial proton conductance is required.
To approach the mechanism of action of adrenocorticoids on tumour tissue, amino acid incorporation into proteins, and tRNA methylase activity, were examined in experimentally provoked rhabdomyosarcoma tumours of rats after cortisol treatment in vivo and in vitro.
Male albino Wistar R rats were treated with a single intramuscular injection of 0.028 mg of cobalt metal powder. At 6 months after this treatment, rhabdomyosarcoma tumours of 2 4 c m in diameter appeared (Heath, 1954 (Heath, , 1956 .
Cortisol treatment consisted of a daily intramuscular injection in the intact adductor muscles of 1 and lOmg of cortisol acetate (Cortril; Pfizer, New York, NY, U.S.A.) for 3 consecutive days. For the treatment in uitro, crystalline cortisol (Merck, Sharp and Dohme, West Point, PA, U.S.A.) (0.01-1OOpg) were added to the incubation flasks. The incubation of 200mg of tissue slices in Erlenmeyer flasks containing 5 ml of KrebsRinger bicarbonate buffer, pH7.2, as well as 1pCi of [2-'4C]glycine (specific radioactivity lOmCi/mmol) or 2pCi of 2-amino-2-methyl[ I-14C]propanoic acid (specific radioactivity 58 mCi/mmol) (The Radiochemical Centre, Amersham, Bucks., U.K.) took place in a shaking water bath for 1 h at 37°C.
The radioactivity contained in the denatured proteins after glycine incorporation or present intracellularly after 2-amino-2-methylpropanoic acid uptake was counted in a liquid-scintillation spectrometer (De Loecker et al., 1974) .
Colorimetric determinations of protein content, DNA and RNA were carried out. The free amino acid contents of blood plasma, liver, muscle and tumours were determined in controls and cortisol-treated animals in uiuo by automatic amino acid analysis (Beckman model 120 C instrument).
During 'criss-cross' experiments, the microsomal and soluble protein fractions of controls and cortisol-treated tumour tissue in vitro were separated and crosswise recombined. Incubation of the 0.8 ml cell-free samples with [2-'4C]glycine took place in the presence of an ATP-generating system, 1 pmol of ATP, l0pmol of phosphoenolpyruvate and 0.05 mg of phosphoenolpyruvate kinase (Calbiochem, San Diego, CA, U.S.A.) (Farese & Reddy, 1963) . tRNA methylase activities were measured in control tumours as well as in rhabdomyosarcoma-bearing rats treated in uiuo with lOmg of cortisol and in 1 g tissue slices previously treated in uitro with 200pg of cortisol.
The enzyme-containing supernatant (2nd) was incubated with 800pmol of ammonium acetate, 10pmol of neutralized reduced glutathione, 1 mg dry wt. of Escherichia coli B
